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Abstract
The current study investigated effectiveness of selected agroecological intensification techniques on soil moisture, nutrient (N, P, and organic C) status, and crop yields in semi-arid Katangi division of Yatta sub-County, Kenya. The study was conducted for two seasons; long and short rains of 2010. The experimental set up was a split plot fitted to a randomized complete block design. The main plots were three cropping systems (CS); monocropping (cassava and sorghum), intercropping [sorghum/dolichos (Lablab purpureus), sorghum/pigeonpea (Cajanus cajan (L.) Millspaugh), cassava/dolichos, cassava/pigeon pea) and rotation (dolichos - sorghum, pigeon pea - sorghum, dolichos - cassava and pigeon pea-cassava). The split plots comprised organic fertilizers (OF); farm yard manure (FYM) and compost. Measured N, P and organic C levels, in the LRS, were significantly higher in crop rotation, followed by intercropping and monocropping systems with application of FYM. The crop yields were significantly higher in the SRS across all CS and OF with crop rotation and monocropping performing better than intercropping system. Crop diversification in both space and time with application of organic fertilizers could thus boost soil nutrient status, soil moisture and cassava and Sorghum yields in the semi-arid Yatta Sub-county.
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1. Introduction
Crop productivity in semi-arid lands (ASALs), of Kenya is on the decline owing to; inadequate soil moisture, insufficient and erratic rains andpoor soil quality due to inappropriate management (Biamah, 2005; Itabari et al., 2004; Mwanga, 2004). This scenario behooves researchers to develop sustainable technologies to improve soil and crop productivity and subsequently ensure food and nutritional security in the ASALs. The technologies, to be effective, must be within farmers’ resource constraints, resource levels and acceptable risk (Snapp et al., 2003). One such technology is agroecological intensification (AEI) of land use which is defined as improvement of agricultural performance through integration of ecological principles into farm and system management (CCRP, 2014). Use of organic fertilizers alongside reintroduction of abandoned/neglected traditional crops such as cassava and sorghum, and legumes; pigeon peas (Cajanus cajan L.) and dolichos (Lablab purpureus) with application of organic fertilizers borrows from and fits into the principles of AEI.

Against this backdrop, the current study assessed the effectiveness of agroecological intensification techniques as a pathway to enhancing soil fertility, moisture content, and crop productivity in semi-arid Lands of Kenya.

2. Materials and Methods 
Site Description: The study was conducted in Katangi division of Yatta sub-County, Kenya. Yatta sub-County has a semi-arid climate with mean annual temperature varying from 17ºC to 24ºC and experiences bimodal rainfall with long rains (LRS) occurring from end of March to April/May (400 mm) and short rains (SRS) from end of October to December (500mm) (Jaetzold et al., 2007). The soils are predominantly Ferralsols (Kibunja et al., 2010). Majority of the farmers in the area are small-scale mixed farmers with low income investment for agricultural production (Jaetzold et al., 2007).

Experimental Design and treatments: The experimental set up was a split plot fitted to a randomized complete block design, with three replicates. The main plots (10 × 10m) were three cropping systems; monocropping (cassava and sorghum), intercropping (sorghum/dolichos, sorghum/pigeon pea, cassava/dolichos, cassava/pigeon pea) and crop rotation; (dolichos - sorghum, pigeonpea - sorghum, dolichos – cassava, pigeonpea-cassava).  The split plots (5 × 10m) were organic fertilizers types; farm yard manure (FYM) and compost.

Agronomic practices: Land preparation was done using an oxen-plough. FYM and compost were applied (5 t/ha) in planting holes, dug using hand hoes, and thoroughly mixed with soil. One cassava cutting was planted per hill at a depth of between 10 and 15 cm. Three seeds of; Sorghum, dolichos and pigeon pea were planted per hill and later thinned to two plants per hill. Spacing used for sole crops was 1m × 1m for cassava, 0.75m × 0.25m for sorghum, 0.75 × 0.3m for dolichos and 0.75m × 0.50m for pigeon pea. All crops planted as intercrops (legumes) were sown in rows between cassavas and sorghum at same inter-plant spacing as in pure stands. When in rotation, legumes (dolichos or pigeon pea) were planted in LRS (season 1) and later followed by either sorghum or cassava in the SRS (season 2). 

Sampling of soils and organic fertilizers: Soil samples (0-15 cm) for analysis of soil nutrients and moisture were collected at crop maturity from five randomly selected points of each plot and composited. Soil samples for, moisture determination were oven dried for 24 hours at 105°C. The air dried soil samples were ground to pass through a 2mm sieve and analyzed for total N, P and K, pH and organic C (Table 2) using laboratory standard procedures as compiled and described by Okalebo et al. (2002).

Measurement of grain and tuber yields: Grain yields of sorghum were determined at physiological maturity of crops from a net plot area of 3 by 2m, from center of each sub plot. Tuber harvesting was done (eleven months after planting) from a net plot area of 3 by 3m.

Statistical Analysis: Data collected was subjected to analysis of variance, using Genstat statistical software (Payne et al., 2006). LSD test was used to identify significant differences among treatment means (P<0.05). 


3. Results and Discussion 
Soil N and P as affected by cropping systems and organic fertilizers: Soil N content followed the order, crop rotation, intercropping and monocropping across organic fertilizer types and seasons (Fig. 1). 


Fig. 1: Effects of cropping systems and organic fertilizers on total N for season I (LRS) and Season II (SRS)

Soil N and P levels were higher in sorghum than cassava plots and higher with integration of dolichos than pigeon peas. The soil N and P levels, in the SRS, were particularly high in cropping system involving dolichos compared to pigeon peas (Figs.1 and 2).

Significantly higher levels of total N were obtained with application of FYM than compost in all cropping systems and seasons (Fig. 1). A distinct observation on P levels was made with FYM application in the dolichos-sorghum crop rotation in LRS and sorghum/dolichos intercrop in the SRS (Fig. 3). Significantly higher amounts of soil N and P were realized in LRS than in SRS (Fig. 1 and 2). In the SRS, elevated levels of soil available P were recorded in crop rotation system with application of compost whereas in LRS, the differences were not apparent. 

Pronounced soil N levels in rotation than monocropping system may be attributed partly to symbiotic N fixation by dolichos and pigeon pea legumes. Non-leguminous cover crops, typically grasses or small grains, do not fix N2 (Baldwin and Creamer, 2014) and this may partly explain low soil N levels in monocropping system. Higher soil N content in rotation system may also be explained in terms of the N cycling by legume roots (Pasternak, 2013). 

Fig. 2: Effects of cropping systems and organic fertilizers on phosphorus for season I (LRS) and Season II (SRS)

The elevated soil available P levels in crop rotation system may be as a result of legumes’ efficiency in solubilizing P from bound sources. Root induced chemical processes increase P acquisition in impoverished soils (Hinsinger, 2001; Lelei and Onwonga, 2014). Significantly higher levels of total  N and P with dolichos integration may be explained in terms of a higher dolichos biomass produced, compared to pigeon pea and hence more nutrient release upon residue decomposition(Mmbaga and Friesen, 2003; Adjei-Nsiah 2012). 

Lower N and P levels in intercropping than rotation system, and cassava plots is attributable to competition among component crops for N and P, and nutrient export through removal of aboveground biomass and harvested tubers, respectively. Pypers et al. (2011) reported that, cassava exports high amounts of nutrients, particularly N and K. 

Significantly higher amounts of total N and P in soil in the SRS could be as a result of organic matter build up over time through crop residue incorporation from the prior season (LRS) and organic fertilizer application. When manure and compost are used to fertilize crops, soil organic matter will increase over time and subsequent rates of application can generally be reduced because of increased nutrient cycling (Rosen and Bierman, 2014). 

Soil organic carbon as influenced by cropping systems and organic fertilizer type:The organic C content was high with application of FYM during the SRS across all cropping systems. In the LRS, however, soil organic C content was higher with application of compost in the intercropping and crop rotation system (Fig. 3).

Fig.3: Effects of cropping systems and organic fertilizers on organic C for season I (LRS) and Season II (SRS)

The higher levels of organic C in SRS for both organic fertilizer types may have been due to direct addition of organic matter by FYM and compost, and residue incorporation following harvest of LRS crops. Higher levels of soil organic carbon in FYM treatment in the LRS may have been due to its higher organic matter (OM) content whereas  lower organic C in FYM treatment in the SRS may have resulted from its faster mineralization rate (Bwenya and Terokun, 2001). Conversely, the higher organic C in compost than FYM during the SRS may have been due to its slower decomposition. It has been reported that use of composted manure contributes more to the organic matter content of the soil (Rosen and Bierman, 2014). 

Soil moisture as affected by organic fertilizer types and cropping systems: For all cropping systems and organic fertilizers, soil moisture content was higher in cropping systems that involved dolichos, and higher in intercropping than rotation and monocropping (Figure 4). 

Higher soil moisture content in intercropping than monocropping and rotation systems may be attributable to reduced evaporation due to better ground cover. Mmbaga and Friessen (2003) reported higher moisture retention in maize/legume intercrops compared to maize alone and bare land. The higher soil moisture contents in cropping systems containing dolichos can be attributed to reduced evaporation due its greater canopy cover. Dolichos cover crop forms an excellent ground cover and persists through the dry season (Steiner, 2002). 

Fig.4: Effects of cropping systems and organic fertilizers on soil moisture for season I (LRS) and Season II (SRS)

The pronounced soil moisture content in LRS was due partly to water retention by organic matter resulting from application of organic fertilizers and incorporated residues from prior season. Plant residues, left on ground or cover crops contribute to soil organic matter (Sanginga 2003). Steiner (2002) reported that dolichos, through litter fall, improve soil structures, soil bulk density and soil moisture retention. 

3.4 Sorghum and Cassava yields  
Cropping systems involving dolichos, in both seasons registered higher sorghum yields compared with those involving pigeon pea (Fig. 5) across all organic fertilizers. The elevated sorghum yields were pronounced under crop rotation system than in intercropping system with application of FYM.  The cassava tuber yields, measured in season two (SRS), were significantly higher in cassava-dolichos and cassava-pigeon peas rotation for both FYM and compost treatments (Fig. 5). 















Dolichos has been reported to significantly improve soil nitrogen status and yield of following cereals (Cheruiyot et al., 2003). The lower yields in intercropping system could have resulted from interspecific competition for nutrients, which occurs when two crops are grown together (Vandermeer 1992). Similarly, adverse effects of intercropping have been attributed to competition for root development, light, nutrients, and water during the co-growth phase (Herrmann et al., 2014).

4. Conclusion
The findings of the study confirm the hypothesis that selected agroecological intensification techniques could improve crop productivity in ASALs of Kenya. Pigeon pea, dolichos and sorghum grew to maturity and performed relatively well albeit and the low and unreliable rainfall experienced in the study area. Cassava performed well with integration of legumes and addition of organic fertilizers. Whereas cassava and sorghum performed better in rotation and monocrop systems, intercropping system may still be beneficial and preferable to the farmers since two crops could be harvested from same unit area. Pigeon peas and dolichos could thus provide compatible and profitable options for intercropping with sorghum and cassava because of their higher grain yield contribution to overall yield. Soil moisture retention was higher when sorghum and cassava were intercropped and FYM applied. If sorghum is to be grown, then dolichos would be applicable as an intercrop while with cassava, pigeon pea would be the ideal legume. Crop diversification in both space and time with application of organic fertilizers would therefore boost soil nutrient status, soil moisture and crop productivity in the semi arid Yatta district and consequently enhanced food availability. 
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